Chicago O’Hare International Airport Final EIS

APPENDIX D
SIMULATION MODELING

This appendix describes the methodology, input data, review process, and results of airfield
and airspace simulations for this O’'Hare Modernization Environmental Impact Statement (EIS)
that were conducted using the Total Airspace & Airport Modeller (TAAM). These simulations
were conducted by the City of Chicago’s Consultant Team (CCT) with direction, oversight,
review, and approval by the FAA and FAA’s Third Party Contractor (TPC). TAAM simulation
experiments were conducted for scenarios including: Alternative A - No Action, Alternative C,
D, and G. See Chapter 3, Alternatives, for further description of the alternatives.

D.1 INTRODUCTION
D.1.1 Appendix Organization

The appendix consists of six sections as follow:
e Section D.1 describes the organization of this appendix.

e Section D.2 describes the goals and objectives of the TAAM analysis and summarizes
the modeling methodology used in the study.

e Section D.3 describes the “experimental design” that was established for the TAAM
analysis. This experimental design includes the airfield configurations, runway
operating configurations, weather conditions, and aircraft operations levels that were
simulated using TAAM.

e Section D.4 describes the types of input data that were used in the TAAM analysis and
provides references to reports produced by the CCT where detailed descriptions of these
input data are provided.

e Section D.5 describes the process by which EIS TAAM simulations were reviewed and
concurred with by the TPC and FAA. Section D.5 also provides the chronology of FAA
Air Traffic Working Group meetings that were held between October 2003 and July 2004
to review TAAM input data and results. It also summarizes the findings and
recommendations that arose out of these meetings, which involved representatives from
the TPC, FAA Chicago Area Modernization Program Office (CAMPO), FAA Chicago
Airports District Office (CHI-ADO), the Chicago O'Hare Airport Traffic Control Tower
(ORD Tower), the Chicago O’Hare Terminal Radar Approach Control Facility (C90), and
Chicago Air Route Traffic Control Center (ZAU).

e Section D.6 summarizes TAAM simulation results produced in the analysis.
e Section D.7 summarizes delay estimates for the non-modeled EIS alternatives.

e Section D.8 presents a delay comparison of various Build Alternatives.
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D.1.2 Airfield Alternative Naming Conventions

The TAAM analysis began before a consistent naming convention was established for the EIS
alternatives. As a consequence, different alternative naming conventions were used in TAAM
documentation produced by the FAA, TPC, and CCT between August 2003 and August 2004.
Table D-1 summarizes the equivalencies between the alternative naming conventions used in
TAAM analysis documentation and the alternative naming conventions used throughout the
EIS.

TABLE D-1

AIRFIELD ALTERNATIVE NAMING CONVENTIONS

EIS naming convention TAAM analysis naming convention
Alternative A (No Action) No Action

Alternative C With Project

Alternative D Alternative X

Alternative G Alternative Y

The EIS naming convention is used throughout the remainder of this report except in cases
where specific TAAM analysis source documentation, which uses the TAAM analysis naming
convention, is cited. In cases where TAAM analysis naming conventions are used, EIS naming
conventions are included parenthetically to prevent potential confusion.

D.2 SIMULATION ANALYSIS OBJECTIVES AND METHODOLOGY
D.2.1 Simulation Analysis Objectives

The airfield and airspace improvements proposed in the Sponsor’s proposed O’Hare
Modernization Program, as well as other potential alternative airfield development concepts,
would result in a series of complex changes in the way aircraft use airspace routes, runways,
taxiways, and terminal facilities. Because of the complex, multifaceted nature of these changes,
it was determined that an airfield/airspace simulation model would be used to do the following;:

e Determine the nature and magnitude of the capacity and delay issues associated with
the existing O’Hare airfield and airspace configuration (i.e., EIS Alternative A [No
Action]).

e Determine the extent to which the City of Chicago’s proposal (i.e., EIS Alternative C)
and other potential airfield/airspace improvement alternatives (i.e., EIS Alternatives D
and G) would address airfield and airspace capacity issues associated with
Alternative A (No Action).

e Provide input data to EIS noise and air quality analyses. These data include runway use
distributions for use in noise modeling, time-in-mode data for aircraft emissions
quantification, geographic delay distributions for aircraft emissions hot spot
identification, and pollutant dispersion analysis.
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D.2.2 Rationale for Use of TAAM

Of several airfield/airspace simulation models currently available in the industry, TAAM was
selected for use in the EIS for the following reasons:

e TAAM allowed the definition of prioritized runway and taxiway usage rules, facilitating
more realistic simulation of complex, demand-responsive runway, taxiway, and airspace
movements.

e TAAM facilitates direct and real-time review of simulation models by air traffic
controllers and other subject matter experts.

e TAAM was able to model runway crossings, aircraft pushbacks, and terminal-area
congestion more accurately than other available airfield and airspace simulation models,
all of which were important considerations in EIS operational analyses.

e TAAM simulation models of the existing O'Hare airfield and airspace configuration and
potential airfield and airspace improvements had already been prepared as part of prior
planning efforts sponsored by the City of Chicago.

D.2.3 Modeling Process

The CCT developed and ran the TAAM models referenced in this EIS. The TPC and FAA
directly oversaw the development of these TAAM models through the establishment of a
working group.  This working group involved representatives from the following
organizations:

e FAA Chicago Area Modernization Program Office (CAMPO)

e FAA Chicago O’'Hare International Airport Traffic Control Tower (ORD Tower)
e FAA Chicago O’'Hare Terminal Radar Approach Control facility (C90)

e FAA Chicago Air Route Traffic Control Center (ZAU)

e FAA’s Third Party Contractor

Representatives from FAA management and the National Air Traffic Controllers Association
(NATCA) from all three of the aforementioned air traffic facilities participated in the Air Traffic
Working Group.

The modeling process generally followed a nine-step process, as follows:
1. For EIS purposes, four alternatives were modeled using TAAM.

2. Analyses of wind and weather conditions were conducted to determine annual
percent occurrences of major runway operating configurations and weather
conditions, as well as to determine which of these operating configurations and
weather conditions warranted modeling.

3. Future aircraft activity schedules were developed to represent future activity levels
of interest in the study. These schedules were selected to represent peak month,
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average day (PMAD) conditions in 2007, when Construction Phase I of Alternatives
C, D, and G would be completed; 2009, when Construction Phase II of Alternatives
C, D, and G would be completed; 2013, when full Build Out of Alternatives C, D, and
G would be completed; and 2018, the end of the study period considered in the EIS
(Build Out + 5).

4. An experimental design, enumerating the combinations of airfield configurations,
runway operating configurations, weather conditions, and aircraft activity levels
would be modeled using TAAM, was specified, reviewed, and confirmed by the
FAA Air Traffic Working Group.

5. TAAM modeling assumptions for each of the TAAM experiments specified in the
experimental design were developed initially by the CCT and reviewed and refined
by the TPC and FAA Air Traffic Working Group.

6. Initial TAAM models were developed by the CCT for each of the TAAM
experiments specified in the experimental design and reviewed in detail by the FAA
Air Traffic Working Group and TPC, which provided written comments and
refinements to the CCT.

7. Refined TAAM models were developed by the CCT based on TPC and FAA
direction and comments. These refined models were re-reviewed by the TPC and
FAA, who provided additional comments and refinements to the CCT if required.

8. When a particular TAAM experiment or set of TAAM experiments were refined to
TPC and FAA satisfaction, a memorandum was prepared by the TPC stating that the
TPC and FAA concurred with the assumptions used in the model(s) and that the
experiment results were acceptable for use in EIS technical analyses. In addition the
FAA conducted periodic spot checks on the revised modeling runs.

9. Upon issuance of TPC concurrence memorandum, the CCT produced detailed
documentation of final TAAM assumptions, input data, and results.

D.3 TAAM EXPERIMENTAL DESIGN

TAAM was used to evaluate the operational performance of physical airfield development
alternatives. These alternatives were Alternative A (No Action), Alternative C, Alternative D,
and Alternative G. The FAA and the TPC directed the CCT to develop an experimental design
for the TAAM analyses of these alternatives to meet the simulation objectives enumerated in
Section D.2.1, Simulation Analysis Objectives. This experimental design focused on
simulating the assumed primary runway operating configurations and weather conditions

Exhibits D-1 through D-6 show the final TAAM experimental design that was adopted for the
EIS.

e Exhibit D-1 outlines the experiments for Alternative A (No Action) for the years 2002,
2007, 2009, 2013 and 2018.
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¢ Exhibit D-2 outlines the experiments for Alternatives C, D and G for the year 2007.

Exhibit D-3 outlines the experiments for Alternatives C, D and G for the year 2009.

Exhibit D-4 outlines the experiments for Alternative C for the years 2013 and 2018.

Exhibit D-5 outlines the experiments for Alternative D for the years 2013 and 2018.

Exhibit D-6 outlines the experiments for Alternative G for the years 2013 and 2018.

All of the exhibits provide the estimated annual percent occurrence of the wind and weather
conditions associated with each of the TAAM experiments. The occurrences were estimated by
the CCT wind and weather data obtained from the National Climatic Data Center for the ten-
year period, January 1, 1991 through December 31, 2000. The exhibits also show the peak
month, average day (PMAD) demand levels that were simulated in each of the experiments.
All inputs to TAAM were independently reviewed and approved for use by FAA and the
FAA’s TPC.

For Alternative A (No Action), the demand levels are constrained demand levels, reflecting the
expectation that if no action is taken at O'Hare, airfield capacity constraints will limit the
Airport’s ability to accommodate unconstrained demand levels. Appendix B, Aviation
Demand Forecast provides additional information regarding how the constrained and
unconstrained demand levels and associated flight schedules were developed.
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Overflow
Departures

Overflow
Arivals

Overflow Arivals Dependent on
use of Departure Overflow Runway

VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

Experiment | Runway Option Weather Flow R_unway Runway Diagram Percent Utilization Demand Level Operations
Configurations
1 36.4 2002 2,648
7 2007 Constrained 2,750
12 2009 Constrained 2,750
No Action VFR East Plan X
17 27 2013 Constrained 2,750
22 2018 Constrained 2,750
27 2007 w/ NAR 2,898
2 415 2002 2,648
8 2007 Constrained 2,750
13 2009 Constrained 2,750
No Action VFR West Plan W
18 46.6 2013 Constrained 2,750
23 2018 Constrained 2,750
28 2007 w/ NAR 2,898
3 11.8 2002 2,648
9 2007 Constrained 2,750
14 2009 Constrained 2,750
No Action VFR South Plan B
19 17.1 2013 Constrained 2,750
24 2018 Constrained 2,750
29 2007 w/ NAR 2,898
4 No Action VFR South Plan B Modified 4.3 2002 2,648
5 3.8 2002 2,648
10 2007 Constrained 2,750
15 2009 Constrained 2,750
No Action IFR West Parallel 27s
20 6.0 2013 Constrained 2,750
25 2018 Constrained 2,750
30 2007 w/ NAR 2,898
6 22 2002 2,648
11 2007 Constrained 2,750
16 2009 Constrained 2,750
No Action IFR East Parallel 14s
21 3.3 2013 Constrained 2,750
26 2018 Constrained 2,750
31 2007 w/ NAR 2,898
Existing Proposed Departure Closed Primary Primary
Runways Runways Purposes Only Arivals Departures

use of Amival Overflow Runway

Overflow Departures Dependent on
—

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport

O'Hare Modernization
Environmental Impact Statement

Experimental Design for
Alternative A

P Exhibit D-1
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. Runway Runway . P .
Experiment Option Weather Flow Configurations Runway Diagram Percent Utilization Demand Level Operations
32 2007 VFR East Plan X 23.1 2007 2,898
North Runway
2007
50 VFR West Parallel 27s 57.0 2007 2,898
North Runway
34 2007 VFR South Plan B 10.6 2007 2,898
North Runway
35 2007 IFR West Parallel 27s 6.0 2007 2,898
North Runway
37 2007 IFR South Parallel 14s 3.3 2007 2,898
North Runway
Existing Proposed Departure Closed Primary Primary
Runways Runways Purposes Only Arivals Departures
Overflow Overflow Overflow Arivals Dependent on Overflow Departures Dependent on
Departures Arivals use of Departure Overflow Runway =7\ use of Amival Overflow Runway

VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport 2007 Experimenta| Design for
Alternatives C, D, & G

O'Hare Modernization

Environmental Impact Statement P Exhibit D-2
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VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

. Runway Runway . A .
Experiment Option Weather Flow Configurations Runway Diagram Percent Utilization Demand Level Operations
2009 Closely
38 Spaced South VER-3 Y East Parallel 9s 17.9 2009 2,987
Runway
2009 Closely
39 Spaced South VFR-4? East Parallel 9s 5.2 2009 2,987
Runway
2009 Closely
41 Spaced South VFR West Parallel 27s 67.6 2009 2,987
Runway
2009 Closely
42 Spaced South IFR West Parallel 27s 4.8 2009 2,987
Runway
2009 Closely
43 Spaced South IFR East Parallel 9s 45 2009 2,987
Runway
Existing Proposed Departure Closed Primary Primary
Runways Runways Purposes Only Arivals Departures
Overflow Overflow Overflow Arrivals Dependent on Overflow Departures Dependent on
Departures Arivals use of Departure Overflow Runway E use of Amival Overflow Runway

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport

O'Hare Modernization
Environmental Impact Statement

2009 Experimental Design for
Alternatives C, D, & G
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. . Runway . Percent .
Experiment | Runway Option Weather Flow Configurations Runway Diagram Utilization Demand Level | Operations
44 2013 3,169
) 3 Parallel 9s
Alternative C VFR-1 East (Quads) 12.6
33 2018 3,374
45 2013 3,169
. a Parallel 9s
Alternative C VFR-2 East (Trips) 10.6
51 2018 3,374
46 2013 3,169
. 3 Parallel 27s
Alternative C VFR-1 West (Quads) 41.4
52 2018 3,374
47 2013 3,169
. m Parallel 27s
Alternative C VFR-2 West (Trips) 26.1
53 2018 3,374
48 2013 3,169
Alternative C IFR East Parallel 9s 45
54 2018 3,374
49 2013 3,169
Alternative C IFR West Parallel 27s 4.8
55 2018 3,169
Existing Proposed Departure Closed Primary Primary
_— Runways Runways Purposes Only *Arrivals Departures
Overflow Overflow Overflow Arivals Dependent on Overflow Departures Dependent on
Departures Arivals use of Departure Overflow Runway E use of Amival Overflow Runway

VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport Experimental Design
for Alternative C

O'Hare Modernization

Environmental Impact Statement P Exhibit D-4
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. Runway Runway . S .
Experiment Option Weather Flow Configurations Runway Diagram Percent Utilization Demand Level Operations
56 2013 3,169
Alternative D VFR East Parallel 9s 23.2
60 2018 3,374
57 2013 3,169
Alternative D VFR West Parallel 27s 67.5
61 2018 3,374
58 2013 3,169
Alternative D IFR East Parallel 9s 4.5
62 2018 3,374
59 2013 3,169
Alternative D IFR West Parallel 27s 4.8
63 2018 3,374
Existing Proposed Departure Closed Primary Primary
Runways Runways Purposes Only Arivals Departures
Overflow Overflow Overflow Arivals Dependent on Overflow Departures Dependent on
Departures Arivals use of Departure Overflow Runway E use of Amival Overflow Runway

VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport Experimental Design
for Alternative D

O'Hare Modernization

Environmental Impact Statement P Exhibit D-5
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VFR conditions assume visibility is greater than or equal to 3 miles and cloud ceiling is greater than or equal to 1,000 feet
IFR conditions assume visibility is less than 3 miles and/or cloud ceiling is less than 1,000 feet

. Runway Runway . - .
Experiment Option Weather Flow Configurations Runway Diagram Percent Utilization Demand Level Operations
64 2013 3,169
Alternative G VFR East Parallel 9s 232
69 2018 3,374
65 2013 3,169
Alternative G VFR West Parallel 27s 67.5
70 2018 3,374
66 2013 3,169
Alternative G IFR-1 % East Parallel 9s 1.1
71 2018 3,374
67 2013 3,169
Alternative G IFR-2 & East Parallel 9s 3.4
72 2018 3,374
68 2013 3,169
Alternative G IFR West Parallel 27s 4.8
73 2018 3,374
Existing Proposed Departure Closed Primary Primary
Runways Runways Purposes Only Arivals Departures
Overflow Overflow Overflow Arivals Dependent on Overflow Departures Dependent on
Departures Arivals use of Departure Overflow Runway E use of Amival Overflow Runway

Source: Ricondo & Associates, 2004.

Chicago O'Hare International Airport

O'Hare Modernization
Environmental Impact Statement

Experimental Design
for Alternative G

P Exhibit D-6
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D.4 TAAM INPUT DATA AND ASSUMPTIONS

TAAM input data and assumptions include existing and future flight schedules, airspace route
structures, air traffic control rules and procedures, runway operating configuration
assumptions, ground control rules and procedures (including taxiway use restrictions and
taxiing speeds), airfield layouts, and aircraft gate and parking position assignments.

Input data and assumptions used in the TAAM analysis conducted in support of this EIS are
described in detail in a series of “data packages” produced by Ricondo & Associates, which led
the TAAM modeling effort on behalf of the CCT. Separate documents were produced for each
simulated airfield alternative (i.e., Alternative A [No Action], Alternative C, Alternative D, and
Alternative G). Table D-2 summarizes the set of final data packages that were produced,
together with their publication dates. These data packages (including over 7 million pages of
documents)—as well as TAAM project files and associated correspondence between the FAA
and TPC to/from the CCT—are available in electronic format on the FAA’s O’Hare
Modernization EIS website:

http://www.agl.faa.gov/omp/eistechsim/TAAM.htm.

Refer to these data packages for additional information regarding TAAM modeling
assumptions, which include the following:

e Weather condition and runway use assumptions
e Runway crossing assumptions

e Aircraft separation assumptions

¢ Airfield layouts

e Airline gate assignments

¢ Runway and taxiway use assumptions
e Taxiing speeds

¢ Runway dependencies

¢ Land and hold short procedures

¢ Intersection departure procedures

¢ Noise abatement procedures

e Airspace route structures

These data packages and correspondence are herein incorporated by reference into this EIS. As
described in greater detail in the following section, the FAA and the FAA’s TPC independently
reviewed and approved all TAAM simulation experiment results utilized within this EIS. An
excerpt from one of these data packages, TAAM Simulation Data for Noise and Air Quality
Analysis, 2018 With Project,’ dated April 2004, is provided in Attachment D-1 for reference.

! TAAM Simulation Data for Noise and Air Quality Analysis, 2018 With Project, Ricondo and Associates, Inc. [CCT], April 2004.
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TABLE D-2
TAAM DATA PACKAGES
EIS Demand
Alternative year Title (a) Issue date
Alternative A 2002 TAAM Simulation Data for Noise and Air Quality Analysis January 2004
(No Action) 2007 TAAM Simulation Data for Noise and Air Quality Analysis: 2007 No Action February 2004 (b)
2007 TAAM Simulation Data for Noise and Air Quality Analysis: 2007 No Action with NAR February 2004
2007 TAAM Simulation Data for Noise and Air Quality Analysis: 2007 No Action July 2004
2009 TAAM Simulation Data for Noise and Air Quality Analysis: 2009 No Action July 2004
2013 TAAM Simulation Data for Noise and Air Quality Analysis: 2013 No Action July 2004
2018 TAAM Simulation Data for Noise and Air Quality Analysis: 2018 No Action July 2004
Alternative C 2007 TAAM Simulation Data for Noise and Air Quality Analysis: 2007 With Project February 2004 (b)
2007 TAAM Simulation Data for Noise and Air Quality Analysis: 2007 With Project April 2004
2009 TAAM Simulation Data for Noise and Air Quality Analysis: 2009 With Project April 2004
2013 TAAM Simulation Data for Noise and Air Quality Analysis: 2013 With Project April 2004
2018 TAAM Simulation Data for Noise and Air Quality Analysis: 2018 With Project April 2004
Alternative D (c) 2013 TAAM Simulation Data for Noise and Air Quality Analysis: Alternative X May 2004
2018 TAAM Simulation Data for Noise and Air Quality Analysis: Alternative X May 2004
Alternative G (c) 2013 TAAM Simulation Data for Noise and Air Quality Analysis: Alternative Y May 2004
2018 TAAM Simulation Data for Noise and Air Quality Analysis: Alternative Y May 2004
Notes:
(a) All data packages consisted of two physical volumes. The volumes were produced by Ricondo and Associates, Inc. [CCT]
in all cases.

(b) These two data packages for 2007 No Action and With Project were superseded by the 2007 No Action and With Project
data packages dated July 2004 and April 2004, respectively.
(c) Alternatives D and G at the 2007 and 2009 demand years are identical to Alternative C.

D.5 FAA/TPC/CCT REVIEW PROCESS

The FAA and TPC participated in an intensive, twelve month review process during this study.
The objective of this process was to ensure that TAAM input assumptions, modeling
methodologies, and output data conformed to industry best modeling practices and accurately
reflected air traffic control rules and procedures. This review process involved representatives
from the TPC and the FAA Air Traffic Working Group.

This review process began in August 2003, with concurrent TPC and FAA Air Traffic Working
Group reviews of TAAM simulation experiments that had been produced as part of preliminary
CCT planning efforts. During the fall of 2003, the TPC and FAA Air Traffic Working Group
reviewed initial sets of TAAM assumptions provided by the CCT as well as the preliminary
experimental design for the study.

The TPC and FAA Air Traffic Working Group met as needed during the Fall of 2003 to (1)
review TAAM modeling assumptions—including those related to aircraft gating, airfield and
airspace use, airspace structure, preferred taxiway routings, runway crossings, and airspace
procedures, (2) review and approve the TAAM experimental design for the EIS, and (3) review
and approve delay annualization methodologies.

Beginning in December 2003, the TPC and FAA Air Traffic Working Group began conducting
multi-day review sessions at the FAA Great Lakes Regional Office. During these sessions, the
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TPC and FAA reviewed each individual TAAM experiment prepared by the CCT for use in the
EIS. In these review sessions, TPC TAAM experts and FAA Air Traffic Working Group
members: (1) evaluated preliminary TAAM results, (2) reviewed TAAM input assumptions, (3)
verified correct use of these assumptions in TAAM, and (4) watched full animations of each
TAAM experiment. Table D-3 lists the nine review sessions that were held and the TAAM
experiments that were reviewed during the sessions.

TABLE D-3
FAA/TPC TAAM REVIEW SESSIONS

Dates TAAM Experiments Reviewed

December 29-31, 2003 2002 Alternative A (No Action) experiments

January 12-16, 2004 2007 Alternative A (No Action) and Alternative C experiments

January 20-23, 2004 2018 Alternative A (No Action) and Alternative C experiments

February 2-6, 2004 2018 Alternative A (No Action) and Alternative C experiments

February 16-20, 2004 2013 Alternative A (No Action) and Alternative C experiments

March 1-5, 2004 2009 Alternative A (No Action) and Alternative C experiments

March 22-26, 2004 2013 and 2018 Alternative D and Alternative G experiments

June 21-24, 2004 Revised 2007, 2009, 2013, and 2018 Alternative A (No Action) experiments
June 28- July 1, 2004 Revised 2007, 2009, 2013, and 2018 Alternative A (No Action) experiments

In addition to these review sessions, the TPC produced a series of technical memoranda and
other written communications regarding the TAAM model reviews. These technical
memoranda are herein incorporated by reference into this EIS. For exemplary purposes, a
technical memorandum concurring with the 2018 Alternative C experiments is included as
Attachment D-2. Electronic versions of these communications are available on the FAA’s EIS
website:

http:/lwww.agl.faa.gov/omp/eistechsim/TAAM.htm.

In addition to the written technical memoranda, the FAA issued two memoranda regarding the
TAAM modeling conducted for the EIS. The first memorandum was issued by FAA’s Air
Traffic workgroup, dated December 16, 2004 and is included as Attachment D-3 to this
appendix. The second memorandum was issued by FAA’s Chicago Airports District Office,
dated December 17, 2004. The December 17, 2004 memorandum stated:

...the process FAA employed in this TAAM analysis is unprecedented in the scope and breadth of
modeling effort and review for any simulation analysis ever conducted for any single airport. At
the end of the TAAM analysis, 109 TAAM experiments were conducted in support of this EIS (73
experiments specifically for the environmental analysis and 36 experiments to support the
Alternatives Chapter). The FAA AT workgroup invested approximately 1400 hours reviewing
assumptions, draft results, animations, and final results as part of the process. The FAA’s Third
Party Contractor invested approximately 650 hours...

This memorandum is included in its entirety as Attachment D-4 to this appendix.
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D.6 TAAM RESULTS

This section summarizes the estimates of average aircraft delay that were developed using
TAAM. More detailed TAAM results and output files are provided in the TAAM data packages
enumerated in Table D-2. Output data included in the data packages include:

e Total modeled operations (arrivals and departures)

e Operations during peak-15 minute and peak hourly periods
¢ Rolling hourly counts of aircraft operations

e Average aircraft delays by phase of flight

In addition, the data packages include output files generated directly by TAAM, which were
used in subsequent air quality and noise modeling efforts conducted for the EIS. These data
include localized delay estimates, departure runway queue characteristics, aircraft fleet mix
data, and runway and flight track utilization data.

D.6.1 Definition of Delay

The following sections present summary delay results for each of the modeled airfield
development alternatives. These delay estimates represent the “excess travel time” that
modeled aircraft experience as a result of the presence of other aircraft in the simulation. These
excess travel time delays are computed by subtracting the simulated aircraft travel time from an
unimpeded travel time (i.e., the time it would take for the aircraft to fly from its origin airport to
its destination airport if it did not encounter any other aircraft en route). The tables in the
following sections present excess travel time delays estimated for peak month, average day
(PMAD) conditions for individual combinations of runway operating configuration and
weather conditions. In addition, estimates of average annual delays, which have been
calculated by weighting PMAD delays by their respective percent occurrences and adjusting the
resulting weighted average to account for the fact that average annual demand levels are lower
than PMAD demand levels. Additional information regarding the methodology used to
compute these delays is provided in the TAAM data packages referenced in Table D-2.

D.6.2 Alternative A (No Action) Delay Estimates

Table D-4 presents comparative aircraft delay estimates for Alternative A (No Action). The
table shows the delay that was estimated using TAAM for PMAD activity levels, as well as the
weighted average annual delay estimates for Alternative A (No Action) at the 2007, 2009, 2013,
and 2018 demand levels.

It is important to recognize that the delay results presented in Table D-4 were generated using
constrained aircraft flight schedules, which reflect the inability of Alternative A (No Action) to
accommodate anticipated growth in aviation activity at the Airport within acceptable levels of
delay. The methodology used to develop the constrained flight schedules can be found in
Appendix B, Aviation Demand Forecast.
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TABLE D-4
ESTIMATED AVERAGE AIRCRAFT DELAYS: ALTERNATIVE A (NO ACTION)
FOR ALL PHASES (CONSTRAINED SCHEDULE)

Estimated Average delay: Peak Month, Average Day Conditions
Annual (minutes per operation)
Runway Use Weather Percent
Configuration ~ Condition (@)  QOccurrence 2007 2009 2013 2018
Plan X VFR 27.0% 104 9.8 104 10.2
Plan W VFR 46.6% 8.2 8.1 8.9 8.8
Plan B VFR 17.1% 27.3 27.1 30.6 31.0
Parallel 27s IFR 6.0% 48.2 46.5 48.7 48.9
Parallel 9s IFR 3.3% 82.1 83.1 84.3 84.0
Average annual delay (minutes per operation) 16.2 15.9 17.2 17.1
Peak month, average day aircraft operations (b) 2,750 2,750 2,750 2,750

Notes:
(a) VFR conditions occur when the cloud ceiling is at least 1,000 feet above the Airport’s elevation and visibility is at
least 3 statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above the Airport’s elevation
or visibility is less than 3 statute miles.
(b) This level of operations was constrained reflecting the inability of Alternative A (No Action) to accommodate
unconstrained demand levels at acceptable levels of delay.

Sources:
TAAM Simulation Data for Noise and Air Quality Analysis, 2007 No Action, Ricondo and Associates, Inc. [CCT],
July 2004;
TAAM Simulation Data for Noise and Air Quality Analysis, 2009 No Action, Ricondo and Associates, Inc. [CCT],
July 2004;
TAAM Simulation Data for Noise and Air Quality Analysis, 2013 No Action, Ricondo and Associates, Inc. [CCT],
July 2004;
TAAM Simulation Data for Noise and Air Quality Analysis, 2018 No Action, Ricondo and Associates, Inc. [CCT],
July 2004.

D.6.3 Alternative C Delay Estimates

Tables D-5, D-6, and D-7 present comparative aircraft delay results for Alternative C. The
tables show the delay that was estimated using TAAM for PMAD activity levels, as well as the
weighted average annual delay estimates for Alternative C at the 2007, 2009, 2013, and 2018
demand levels.

Table D-5 presents delay estimates for the first construction phase of Alternative C, in which a
new 7,500 foot long Runway 9L/27R would be constructed on the far north side of the airfield.
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TABLE D-5
ESTIMATED AVERAGE AIRCRAFT DELAYS:
ALTERNATIVE C—CONSTRUCTION PHASE |

Runway Use Weather Estimated Annual Average delay: Peak Month, Average Day Conditions

Configuration  Condition (a) Percent Occurrence 2007 demand (minutes per operation)

Plan X VFR 23.1% 16.1

Parallel 27s VFR 57.0% 5.8

Plan B VFR 10.6% 355

Parallel 27s IFR 6.0% 31.8

Parallel 14s IFR 3.3% 105.4

Average annual delay (minutes per operation) 15.5

Peak month, average day aircraft operations 2,898

Notes:

(@) VFR conditions occur when the cloud ceiling is at least 1,000 feet above the Airport’s elevation and visibility is
at least 3 statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above the Airport’s
elevation or visibility is less than 3 statute miles.

Sources:
TAAM Simulation Data for Noise and Air Quality Analysis, 2007 With Project, Ricondo and Associates, Inc. [CCT],
April 2004.

Table D-6 presents delay results for Construction Phase II of Alternative C, in which a 10,800
foot long Runway 10C/28C would be constructed and Runway 10L/28R (existing Runway
9R/27L) would be extended to a length of 13,000 feet.
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TABLE D-6
ESTIMATED AVERAGE AIRCRAFT DELAYS:
ALTERNATIVE C—CONSTRUCTION PHASE ||

Estimated Average delay: Peak Month, Average Day Conditions
Annual (minutes per operation) (b)
Runway Use Weather Percent
Configuration  Condition (a) Occurrence 2009 2013 (c)
Parallel 27s VFR-3/VFR-4 67.6% 5.2 6.5
Parallel 9s VFR-3 17.9% 9.4 15.3
Parallel 9s VFR-4 5.2% 13.7 22.6
Parallel 27s IFR 4.8% 30.2 46.2
Parallel 9s IFR 4.5% 75.8 95.8
Average annual delay (minutes per operation) 10.3 14.2
Peak month, average day aircraft operations 2,987 3,169

Notes:

(a) VFR-3 conditions occur when the cloud ceiling is at least 3,000 feet above the Airport’s elevation and visibility is
at least 5 statute miles. VFR-4 conditions occur when the cloud ceiling is less than 3,000 feet above the Airport’s
elevation but is at least 1,000 feet above the Airport’s elevation or when visibility is less than 5 statute miles but
is at least 3 statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above the Airport’s
elevation or visibility is less than 3 miles.

(b) These delay estimates apply to the second phase of Alternative C, in which new Runway 10C/28C would be
constructed and Runway 10L/28R (existing Runway 9R/27L) would be extended.

(c) Hypothetical delay estimates assuming that the City of Chicago retains the Construction Phase Il operating

configuration through 2013.

Sources:

TAAM Simulation Data for Noise and Air Quality Analysis, 2009 With Project, Ricondo and Associates, Inc. [CCT],

April 2004;

Transmittal Memorandum, “Revisions OMP EIS — Need for Additional TAAM Experiments”, Ricondo and

Associates, Inc. [CCT], August 27, 2004.

Table D-7 presents delay results for the full build out of the eight-runway Alternative C airfield
configuration.
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TABLE D-7
ESTIMATED AVERAGE AIRCRAFT DELAYS:
ALTERNATIVE C—BUILD OUT & BUILD OUT+ 5

Estimated Average delay: Peak Month, Average Day Conditions
Annual (minutes per operation) (b)
Runway Use Weather Percent
Configuration ~ Condition (8)  Occurrence 2009 (c) 2013 2018
Parallel 27s VFR-1 41.4% 3.8 4.1 4.7
Parallel 9s VFR-1 12.6% 33 3.7 4.2
Parallel 27s VFR-2 26.1% 3.7 4.2 5.0
Parallel 9s VFR-2 10.6% 35 4.2 4.6
Parallel 27s IFR 4.8% 95 16.0 18.8
Parallel 9s IFR 4.5% 11.9 17.2 20.8
Average annual delay (minutes per operation) 4.1 5.0 5.8
Peak month, average day aircraft operations 2,987 3,169 3,374

Notes:

(a) VFR-1 conditions occur when the cloud ceiling is at least 5,500 feet above the Airport’s elevation and visibility is
at least 10 statute miles. VFR-2 conditions occur when the cloud ceiling is less than 5,500 feet above the
Airport’s elevation but is at least 1,000 feet above the Airport’s elevation or when visibility is less than 10 statute
miles but is at least 3 statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above
the Airport’s elevation or visibility is less than 3 miles.

(b) These delay estimates presume that the full build out of the eight-runway Alternative C airfield is completed.

(c) Hypothetical results assuming that Alternative C could be built out by 2009.

Sources:

TAAM Simulation Data for Noise and Air Quality Analysis, 2013 With Project, Ricondo and Associates, Inc. [CCT],

April 2004;

TAAM Simulation Data for Noise and Air Quality Analysis, 2018 With Project, Ricondo and Associates, Inc. [CCT],

April 2004;

Transmittal Memorandum, “Revisions OMP EIS — Need for Additional TAAM Experiments”, Ricondo and

Associates, Inc. [CCT], August 27, 2004.

D.6.4 Alternative D Delay Estimates

Table D-8 presents comparative aircraft delay results for the Build Out and Build Out + 5 years
of Alternative D. The table shows the delay that was estimated using TAAM for PMAD activity
levels, as well as the weighted average annual delay estimates for Alternative D at the 2009,
2013 and 2018 demand levels. Because the construction phasing assumptions associated with
Alternative D would result in identical airfield configurations to Alternative C, delay results for
Alternative D’s Construction Phase 1 and 2 would be identical to the values estimated for
Alternative C and shown in Tables D-5 and D-6.
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TABLE D-8
ESTIMATED AVERAGE AIRCRAFT DELAYS:
ALTERNATIVE D—BUILD OUT & BUILD OUT +5

Estimated Average delay: Peak Month, Average Day Conditions
Weather Annual (minutes per operation) (b)
Runway Use Condition Percent
Configuration (@) Occurrence 2009 (c) 2013 2018
Parallel 27s VFR 67.5% 3.7 42 5.0
Parallel 9s VFR 23.2% 4.6 49 7.8
Parallel 27s IFR 4.8% 95 16.0 18.8
Parallel 9s IFR 4.5% 62.9 84.6 108.4
Average annual delay (minutes per operation) 6.6 8.2 10.5
Peak month, average day aircraft operations 2,987 3,169 3,374

Notes:

(a) VFR conditions occur when the cloud ceiling is at least 1,000 feet above the Airport’s elevation and visibility is at least 3
statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above the Airport’s elevation or visibility
is less than 3 statute miles.

(b) These delay estimates presume that the full build-out of the seven-runway Alternative D airfield is completed.

(c) Hypothetical results assuming that Alternative D could be built out by 2009.

Sources:

Transmittal Memorandum, “Revisions OMP EIS—Need for Additional TAAM Experiments”, Ricondo and Associates, Inc.

[TPC], May 14, 2004;

TAAM Simulation Data for Noise and Air Quality Analysis, 2013 Alternative X, Ricondo and Associates, Inc. [CCT], May 2004;

TAAM Simulation Data for Noise and Air Quality Analysis, 2018 Alternative X, Ricondo and Associates, Inc. [CCT], May 2004.

D.6.5 Alternative G Delay Estimates

Table D-9 presents comparative aircraft delay results for the Build Out and Build Out + 5 years
of Alternative G. The table shows the delay that was estimated using TAAM for PMAD activity
levels, as well as the weighted average annual delay estimates for Alternative G at the 2009,
2013, and 2018 demand levels. Because the construction phasing assumptions associated with
Alternative G would result in identical airfield configurations to Alternative C, delay results for
Alternative G’s Construction Phases 1 and 2 would be identical to the values estimate for
Alternative C and shown in Tables D-5 and D-6.
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TABLE D-9
ESTIMATED AVERAGE AIRCRAFT DELAYS:
ALTERNATIVE G—BUILD OUT AND BUILD OUT + 5

Estimated Average delay: Peak Month, Average Day Conditions
Annual (minutes per operation) (b)
Runway Use Weather Percent
Configuration ~ Condition (&)  Occurrence 2009 (c) 2013 2018
Parallel 27s VFR 67.5% 3.7 4.2 5.0
Parallel 9s VFR 23.2% 34 4.1 5.2
Parallel 27s IFR-1/1FR-2 4.8% 9.5 16.0 18.8
Parallel 9s IFR-1 1.1% 12.0 155 20.3
Parallel 9s IFR-2 3.4% 22.6 31.0 42.6
Average annual delay (minutes per operation) 4.4 5.6 6.9
Peak month, average day aircraft operations 2,987 3,169 3,374

Notes:

(@) VFR-1 conditions occur when the cloud ceiling is at least 5,500 feet above the Airport’s elevation and visibility is at
least 10 statute miles. VFR-2 conditions occur when the cloud ceiling is less than 5,500 feet above the Airport’s
elevation but is at least 1,000 feet above the Airport’s elevation or when visibility is less than 10 statute miles but is
at least 3 statute miles. IFR conditions occur when the cloud ceiling is less than 1,000 feet above the Airport’s
elevation or visibility is less than 3 statute miles.

(b) These delay estimates presume that the full build-out of the eight-runway Alternative G airfield is completed.

(c) Hypothetical results assuming that Alternative G could be built out by 2009.

Sources:

TAAM Simulation Data for Noise and Air Quality Analysis, 2013 Alternative Y, Ricondo and Associates, Inc. [CCT],

May 2004;

TAAM Simulation Data for Noise and Air Quality Analysis, 2018 Alternative Y, Ricondo and Associates, Inc. [CCT],

May 2004;

Transmittal Memorandum, “Revisions OMP EIS—Need for Additional TAAM Experiments”, Ricondo and Associates,

Inc. [TPC], August 27, 2004.

D.7 ESTIMATED DELAYS FOR NON-MODELED ALTERNATIVES

Proposed runway development Alternatives B, E, and F were not modeled explicitly with
TAAM in this modeling effort either because (1) they closely resembled one of development
alternatives that was modeled explicitly (i.e., Alternatives B and F) or (2) qualitative assessment
indicated that the alternative would perform more poorly than a modeled alternative (i.e.,
Alternative E). The following paragraphs describe the expected delays associated with these
non-modeled alternatives.

D.7.1 Alternative B Delay Estimates

Alternative B is a limited development alternative that was included in the screening process.
This alternative is equivalent to the Alternative C airfield after Construction Phase II—that is,
two proposed new runways (Runway 9L/27R and Runway 10C/28C)—but no further
development after this phase. Thus, TAAM results generated for Alternative C (Construction
Phase II) were used to estimate delays for Alternative B.
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D.7.2 Alternative E Delay Estimates

Alternative E is an alternative that is very similar to Alternative D —development of all but one
runway (Runway 9L/27R) of the full Build Out Alternative C. Based on review of the likely
operational configurations of Alternative E, it was estimated that delays would be similar in
some configurations and higher (worse) in others. Overall, it was estimated that average delays
for Alternative E would be higher than for Alternative D.

D.7.3 Alternative F Delay Estimates

Alternative F is the same as Alternative C, plus an additional Runway 12/30. Alternative F was
studied in detail in an earlier modeling effort performed by the City of Chicago at the request of
and in coordination with FAA. This earlier modeling effort, termed the Runway 12/30 “Proof of
Concept” Evaluation > was conducted during the summer of 2003. In this modeling effort, it was
estimated that average delays would be slightly higher than those for Alternative C. However,
given that Alternative F has the same runways as Alternative C, as well as an additional
runway (12/30), Alternative F if implemented could be operated in the same way as
Alternative C. In other words, Runway 12/30, while included in Alternative F, would seldom
be used. Therefore, it can be said that the annual average delays could be the same as
Alternative C.

D.8 DELAY COMPARISON

Exhibit D-7 shows how average annual delays would be expected to grow for Alternatives B, C,
D, and G as aviation activity levels increase at the Airport for the forecast period. For example,
average annual delays for Alternative D would be approximately 6.0 minutes, 6.5 minutes, 8.0
minutes, and 10.5 minutes per operation in 2007, 2009, 2013 and 2018 respectively. The delay
levels associated with Alternative A exceed the delay levels depicted in Exhibit D-7 at demand
levels lower than 1 million annual operations and, consequently, are not depicted in the figure.
The delay curves graphed in Exhibit D-7 are superimposed atop one another to depict a
composite delay graph that indicates how average annual delays would evolve as the various
EIS alternatives are constructed, as shown in Exhibits D-8, D-9, D-10 and D-11.

As mentioned in prior sections of the EIS, Alternatives B, C, D, and G would be implemented in
phases, beginning with construction of the far north Runway 9L/27R. This would be followed
by a second phase of construction that would include construction of new Runway 10C/28C and
extension of Runway 10L/28R. Alternative B would be complete at this point. A third phase—
or “Build Out” —would occur with Alternatives C, D, and G. For Alternative C, Build Out
would include construction of Runways 9C/27C and 10R/28L and the extension of
Runway 9R/27L. For Alternative D, only new Runway 9C/27C and the extension of Runway

2 Discussion Outline — OMP Advisory Session, Runway 12/30, “Proof of Concept” Evaluation, Ricondo and Associates, Inc.

[CCT], September 11, 2003.
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9R/27L would be constructed. For Alternative G, new Runways 9C/27C and 12/30 would be
constructed together with the extension of Runway 9R/27L.

Exhibits D-8 through D-11 show how average annual delay levels would evolve as the various
construction phases are completed for Alternatives B, C, D, and G. These delay graphs assume
that construction of the alternatives would proceed as proposed by the City of Chicago, with
Construction Phase 1 being completed in 2007, Construction Phase 2 (Build Out of
Alternative B) being completed in 2009, and Build Out of Alternatives C, D, and G being
completed in 2013.

Using Exhibit D-9 showing Alternative C as an example, average annual delays would be
approximately 23 minutes per operation in 2007 as replacement Runway 9L/27R opens; once
open the delays would be reduced to approximately 15 minutes per operation. In 2009, the
average annual delays would grow to approximately 20 minutes per operation as Runway
10C/28C opens; once open the delays would fall to approximately 10 minutes per operation. In
2013, the average annual delays would grow to approximately 14 minutes as Runways 9C/27C
and 10R/28L would open; once open the delays would fall to just over 5 minutes per operation.
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ATTACHMENT D-1

SAMPLE EXCERPTS FROM
TAAM SIMULATION DATA PACKAGE
2018 WITH PROJECT

APRIL 2004
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Note: Gating Ramp Charts are included for presentation purposes only. Actual charts are plan sheet size.
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